We examined the species compositions and community structures of halophytic plants, gastropods, and brachyurans in salt marshes (52 sites) in the Ariake and Yatsushiro seas of the western Japan, and assessed the abiotic and biotic environmental factors driving the community structures. Moreover, differences in community structures were compared among the three main study areas: the Ariake sea area, Yatsushiro sea area, and Uto-Amakusa area (shoreline sites located between the Ariake and Yatsushiro seas). A total of 11 halophytic plant species, 19 gastropod species (groups), and 19 brachyuran species were recorded. The average number of halophytic plant species was the highest in the Uto-Amakusa area, but the numbers of gastropod species (groups) and brachyuran species were similar among the three areas. For each halophytic plant species, gastropod species (groups) and brachyuran species, the community composition in the Uto-Amakusa area differed greatly from that in the Ariake and Yatsushiro sea areas; however, those of the Ariake and Yatsushiro sea areas were similar. The dissimilarities in halophytic plant species among the areas were driven mainly by the presence of tall, dense Phragmites australis. Moreover, the most important environmental factor that affected community structure was interstitial water salinity in halophytic plants and brachyurans, and distance from the open shoreline in gastropods.
Introduction
Salt marshes are coastal ecosystems that dominate large areas of intertidal zones in temperate regions, and are found mainly along foreshores, lagoons, and tidal rivers where freshwater mixes with seawater (West 1977) . Salt marshes develop wherever sediment accumulates binds together and is stabilized by vascular (mainly halophytic) plants, forming a transitional area between aquatic and terrestrial ecosystems (Nybakken & Bertness 2005) . The salt marshes are important to coastal ecosystems as buffers against wind and tidal current along the shoreline, transitional zones with high primary productivity, nursery grounds for the juveniles of many marine animals, and nutrient and pollutant filters between marine and freshwater ecosystems (Turner 1976; Cooper et al. 2001; Cullinan et al. 2004; Hughes & Paramor 2004) .
However, salt marshes face high levels of destruction, mainly due to anthropogenic activities. More than half of the world s population has been estimated to live in coastal regions within 60 km from the shoreline, and three-quarters of all large cities are located on the coast, making coastlines highly vulnerable to human impact (Turner et al. 1996) . In addition, human activities affect salt marshes directly and indirectly through grazing, dredging, development, saltwater intrusion, and the dumping of chemicals into water systems (Cullinan et al. 2004 ). Moreover, invasive alien species represent a major threat to native animals and plants in salt marshes (Cutajar et al. 2012) . Furthermore, salt marshes are also exposed to the threat of a global rise in sea levels (Morris et al. 2002; Fagherazzi 2013) .
Like other intertidal habitats that are exposed routinely to marine and terrestrial conditions, salt marshes impose high levels of stress on the marine and terrestrial species that inhabit them (Penning & Bertness 2001). For example, salinity varies with the ebb and flow of the tides and variations in freshwater inflow. Other extreme environmental conditions include highly variable interstitial salinity, low availability of essential nutrients, anaerobic soil, sulfide toxicity, and temperature shock. Therefore, species diversity is relatively low and only the specialized species can survive and reproduce in the salt marshes.
In Japan, many salt marshes can be found in large inner bays (e.g., Tokyo Bay, Ise Bay, and the Seto Inland Sea). In particular, the regions of the Ariake and Yatsushiro seas, located on the west coast of the Kyushu Island, contain numerous diverse types and sizes of the salt marsh (Fig. 1) . The Ariake Sea (1,700 km 2 ) is an enclosed coastal sea with large tidal amplitudes of more than 6 m in the innermost areas during spring tides (Sugano 1981) . In the Ariake Sea, huge tidal flats (total, 188 km ), located to the south of the Ariake Sea, is also an enclosed coastal sea with a large tidal amplitude and a total of 45 km 2 of tidal flats (Henmi 2005; Shimanaga et al. 2015) . It is connected to the Ariake Sea by three very narrow channels, which are less than 2 km in width (Misumi-no-Seto, Michigoe-no-Seto, and Ikeshimano-Seto; Fig. 1 ). Species dispersion via these channels is expected to be restricted between these two seas and the flora and fauna of the Yatsushiro sea area might differ from that of the Ariake sea area because the former is situated in a warmer area at lower latitudes.
Like many other salt marshes worldwide, those in Japan were historically perceived as coastal wastelands and suffered considerable losses and change through land reclamation for agriculture and urban development, salt production, dike construction, and river-bottom dredging. For example, in Tokyo Bay (Yuhara et al. 2013 (Yuhara et al. , 2016 and the Mikawa and Ise bays (Kimura & Kimura 1999) , most wetlands with reed fields Phragmites australis in coastal areas have disappeared and many macro-benthic local populations have declined drastically. Also in the Ariake and Yatsushiro sea areas, many salt marshes have been lost, but many healthy salt marshes still persist with relatively high biodiversity (Wada et al. 1996; Henmi et al. 2014) , having many endangered and endemic species (Japanese Association of Benthology 2012). However, like other regions in Japan, little information is available on the flora and fauna that inhabit the salt marshes in the Ariake and Yatsushiro seas. To clarify the community structure in the salt marsh, and to conserve salt marsh ecosystems, more detailed studies are required.
In the present study, we identified the halophytic plants, gastropods, and brachyurans at 52 sites in the Ariake and Yatsushiro sea areas to study the distributions of these species and compare the community structures among these sites. We assessed the abiotic and biotic environmental factors determining the community structures.
Materials and Methods

Study sites and monitoring
Fifty-two study sites in salt marshes in coastal and riverine areas of Kumamoto Prefecture, Japan, were established ( Fig. 1) , 20 sites along rivers opening to the Ariake sea area (A), 16 sites along rivers opening to the Yatsushiro sea area (Y), and 16 sites along the shorelines in the Uto Peninsula and Amakusa Islands (the Uto-Amakusa area: UA; Tables 1-3 ). The mean (±SD) areas of salt marshes in coastal and riverine areas at the A, Y, and UA sites, estimated from map data, were 27,214±51,187, 5,910±6,017, and 1,181±1,009 m 2 , respectively. The area of A was significantly greater than that of UA (z=3.70, p<0.05, Tukey s HSD test), but no difference were detected between A and Y (z=3.02) or between Y and UA (z=0.59). In each salt marsh, at least one representative area was selected as a study site that included border and inner areas of the salt marsh, although two or three areas were selected as study sites in large and heterogeneous salt marshes (i.e., MDR 1-3, OHN 4 and 5). The survey area at each site was selected based on the total area and the heterogeneity of the salt marsh, as well as the difficulty of surveying each site; therefore, the areas of study site varied greatly Table 3 . Environmental characteristics and vegetation of shoreline sites in Uto-Amakusa area. For additional details, see Table 1 . ). The average survey areas in these regions, A, Y, and UA, also estimated from map data, were 1,041±521, 843±403, and 859±563 m 2 , respectively, did not differ significantly (A vs. Y, z=1.66; A vs. U, z=1.52; Y vs. U, z=0.13).
To investigate the flora in the salt marshes, the presence of halophytic plant species at each study site was identified from August to October 2011 by their appearance without sampling the plants. At the same time, the coverage (i.e., the percentage of occupied area) of each plant species at each site was estimated roughly based on visual estimations without using surveying equipment.
Gastropods and brachyurans were surveyed as representative macrofauna in the present study because highprecision results can be obtained for these two taxa using even a brief survey. Surveys were conducted by the same researcher twice at each site, once each during May-July and then during August-October 2011. For each survey, the entire study site was searched for 1 h by carefully removing stones and stranded small woods and excavating the mud with a trowel, as necessary. The minimum number of animals necessary was collected and brought to the laboratory for specimen identification, and most animals were released later at their respective sites. As Batillaria multiformis and B. attramentaria, and Assiminea japonica and A. hiradoensis could not be distinguished in the field survey, they were described together as Batillaria spp. and Assiminea spp., respectively. In the present study, only the presence of species was examined; the number of individuals of each species was not determined.
Environmental factors
At each study site, three surface sediment samples (5 5 cm 2 , 1 cm depth) were collected on clear days in the daytime during low spring tides on September 1-3, 2011. Interstitial water in the sediment was obtained after highspeed centrifugation (3,000 rpm, 20 min), and salinity was measured using a hand salinometer (PAL-ES1; Atago Ltd., Japan). Water content was determined by subtracting the dry weight from the wet weight of the sediment samples after drying at 80°C for 3 days. The median sediment grain size and silt-clay content were estimated using a laser diffraction particle-size distribution analyzer (LA-920; Horiba Ltd., Japan). Furthermore, the distance of each site from the open shoreline (distance in which water in the river flows) was estimated from map data.
Data analysis
The environmental factors and number of species recorded at each site were compared among the study areas by Tukey s HSD test using Mac Tokei Kaiseki ver. 2.0 (Misumi Ltd., Tokyo, Japan). To analyze the differences in flora and fauna (i.e., halophytic plants, gastropods and brachyurans) composition among the sites and areas, non-metric multidimensional scaling (MDS), analysis of similarity (ANOSIM), similarity percentages (SIMPER), and distance-based linear modeling (DISTLM) were used (Clarke & Warwick 2001; Anderson et al. 2008) .
MDS is used commonly to assess similarities in community composition among the samples. Here, the samples were plotted such that the distances between the plotted sites agreed exactly with the matching dissimilarities (Clarke & Warwick 2001) . The Bray-Curtis and Sørensen indices were used as similarity indices for each pair of sites based on the log-transformed values of the percentage of occupied area for halophytic plant species, and the presence/absence of the gastropod or brachyuran species, respectively (Clarke & Warwick 2001) . ANOSIM was used to statistically compare community composition among the areas. Then, SIMPER analysis was used to examine the contribution of each species with respect to the dissimilarity among areas (Clarke & Warwick 2001) . DISTLM was used to test the multivariate null hypothesis of the lack of a relationship between biotic and environmental factors to determine the best fitting models and to partition variations in the community composition of halophytic plant species explained by each environmental factor (cf. Anderson et al. 2008 ). In addition, DISTLM was used to examine the relationship between the species composition of gastropods (or brachyurans) and environmental factors, as well as their compositions and halophytic plant species at the study sites. Forward selection was used to partition the variation in biotic composition explained by the environment variables using the Akaike information criterion as the selection criterion (Anderson et al. 2008) . These multivariate analyses were performed using PRIMER6 software with the add-on package PERMANOVA+ (PRIMER-E Ltd., Plymouth, UK).
Results
Species distribution
Halophytic plants
A total of 11 halophytic plant species, including two alien species, were recorded (Tables 1-3) . Excluding alien species, 1.95±1.19, 1.88±0.72, and 3.75±1.81 species (mean±SD) were recorded at each site in A, Y, and UA, respectively. The average number of species in UA was significantly greater than those for A (z=5.81, p<0.01, Tukey s HSD test) and Y (z=5.74, p<0.01), however, no difference was observed for a number of species between A and Y (z=0.24). The distribution of each species is described below, including the scientific name and Japanese name in parentheses. See Fig. 1 and Tables 1-3 for the definitions of site abbreviations.
(1) Atriplex gmelinii C.A.Mey. (Hosoba-hama-akaza) Recorded at 11 sites, mainly in UA, distributed sparsely on muddy sand near spring high tide line, low coverage (1-3%) at all sites. (11) Spartina alterniflora Loisel (Higata-ashi) Alien species, unintentional invasion, recorded at four sites (TBI 1-3, SRK 1), dense colonies on soft mud around river mouths, dominant in TBI 1 (1-75% coverage).
Gastropods and brachyurans
A total of 19 gastropod species (groups) and 19 brachyuran species were recorded (Figs. 2 and 3 The distribution of each species is described below, including the scientific name, Japanese name in parentheses, and threat category from the Japanese Association of Benthology [2012; i.e., critically endangered (CR), endangered (EN), vulnerable (VU), near threatened (NT), or data deficient (DD)].
Gastropods
(1) Nerita japonica Dunker, 1860 (Ama-gai; Fig. 2A ) No category, recorded at three sites in UA, mainly on cobbles and concrete walls of seashore banks outside the salt marshes.
(2) Neripteron pileolus (Récluz, 1850) (Hirokuchi-kanoko; Fig. 2B ) NT, recorded at 41 sites, but not abundant in any, mainly on cobbles and concrete walls at river mouths. (Fig. 2D ) NT for B. multiformis, no category for B. attramentaria, recorded at 10 sites on the foreshore; both species were common on muddy sand.
(5) Stenomelania rufescens (Martens, 1860) (Takenokokawanina; Fig. 2E ) NT, recorded at one site, the uppermost site in Shirakawa River (SRK 4); only one snail was observed under stranded driftwood near the riverbank.
(6) Cerithidea moerchii (A. Adams in G. B. Sowerby II, 1855) (Futo-henatari; Fig. 2F ) NT, recorded at 32 sites, abundant at some sites (e.g., SRK 2, KZH 5, SMY 1), mainly on mud, some on cobbles and concrete walls of seashore/riverbanks.
(7) Cerithidea tonkiniana Mabille, 1887 (Shima-henatari; Fig. 2G ) EN, recorded at 31 sites, but rare at all sites, mainly on concrete walls of riverbanks, some on or near P. australis colonies.
(8) Cerithideopsis largillierti (Philippi, 1848) (Kurohenatari; Fig. 2H ) VU, recorded at 33 sites and abundant at some sites (e.g., KZH 3), mainly on muddy flats around the salt marshes at river mouths. (Fig. 2N ) No category for both species, recorded at most sites (48 sites), abundant on cobbles and boulders around the salt marshes, on/around halophytic plants (e.g., A. fukudo, P. australis).
(15) Platevindex sp. 1 (Yabekawa-mochi; Fig. 2O ) CR, recorded at 18 sites, rare except at some sites, found under cobbles, in crevices of stone walls, and in burrows of brachyurans (e.g., Tubuca arcuata).
(16) Platevindex sp. 2 (Senbei-awamochi; Fig. 2P ) EN, recorded at 15 sites, rare except at some sites, found under cobbles and stranded driftwood, on wooden stakes.
(17) Laemodonta siamensis (Morelete, 1875) (Kuriirokomimi-gai; Fig. 2Q ) VU, recorded at seven sites, rare, found under cobbles, around halophytic plants.
(18) Ellobium chinense (Pfeiffer, 1855) (Okamimi-gai; Fig. 2R ) VU, recorded at many sites (34 sites), but rare except at some sites, found under cobbles and stranded driftwood, around halophytic plants.
(19) Melampus sincaporensis Pfeiffer, 1855 (Kinukatsugi-hama-shiinomi-gai; Fig. 2S ) VU, recorded at 11 sites, rare, found under cobbles, around halophytic plants.
Brachyurans
(1) Hemigrapsus penicillatus (de Haan, 1835) (Kefusaiso-gani; Fig. 3A ) No category, recorded at 21 sites, abundant under cobbles and boulders on foreshores and at river mouths.
(2) Hemigrapsus takanoi Asakura & Watanabe, 2005 (Takano-kefusa-iso-gani; Fig. 3B ) No category, recorded at seven sites, found under cobbles and boulders on foreshore.
(3) Chasmagnathus convexus (de Haan, 1833) (Hamagani; Fig. 3C ) NT, recorded at 32 sites, but not abundant at any sites, found in and near P. australis colonies. 
Environmental factors
The mean (±SD) distances of A, Y, and UA sites from the open shoreline along the river flow were 2,874±1,526, 2,673±865, and 38±69 m, respectively (Tables 1-3) . The distance was significantly shorter in UA than in A (z=11.23, p<0.01) and Y (z=9.90, p<0.01), but did not differ significantly between A and Y (z=0.80, Tukey s HSD test). The interstitial water salinity at A, Y, and UA sites averaged 1.23±0.68, 1.75±0.47, and 2.39±0.73, respectively. Salinity was significantly greater at UA than at A (z=7.65, p<0.01) and Y (z=3.97, p<0.05), and at Y than at A (z=3.47, p<0.05). The median particle diameters at A, Y, and UA sites were 47.1±26.8, 53.1±56.1, and 79.5±63.3 µm, respectively, with no difference between the areas (A vs. Y, z=0.51; A vs. UA, z=2.75; Y vs. UA, z=2.12). The silt-clay content at A, Y, and UA sites averaged 59.8±14.2, 61.1±21.1, and 47.7±20.8%, respectively, with no difference between the areas (A vs. Y, z=0.28; A vs. UA, z=2.74; Y vs. UA, z=2.87). The water content of substrate at A, Y, and UA sites averaged 17.2±4.2, 14.4±3.9, and 10.1±2.5%, respectively. The water content was significantly lower at UA than at A (z=8.12, p<0.01) and Y (z=4.76, p<0.01), but did not differ significantly between A and Y (z=3.11).
Community composition and environmental factors
Halophytic plants
The MDS analysis showed that most sites occur within a margin of 40% similarity (groups I-III, Fig. 4 ). These sites were salt marshes composed mainly of P. australis, except TBI 2, KGM 1, and KMG 3, which contained few halophytic plants (Tables 1-3 ). The remaining five sites (TBI 1, KZH 2, KZH 4, KNU 1, and AMK 5) were composed mainly of other halophytic plants. The dominant species were S. alterniflora (alien species) at TBI 1, Z. sinica and C. scabrifolia at KZH 2, Z. sinica at KZH 4 and KNU 1, and T. asiaticum at AMK 5 (Tables 1 and 3 ). The ANOSIM showed dissimilarity in community composition among the areas. Community composition differed significantly between A and UA (p<0.001) and between Y and UA (p<0.001), but not between A and Y (p=0.09). The average dissimilarity between A and Y was 27.5% (SIM-PER), and the three species made a cumulative contribution to the dissimilarity of 61.9% (C. scabrifolia, 24.6%; P. australis, 18.1%; A. fukudo, 18.1%). The average dissimilarity between A and UA was 48.5%, and the three species made a cumulative contribution to the dissimilarity of 53.1% (P. australis, 19.9%; C. scabrifolia, 16.8%; Z. sinica, 16.4%). The average dissimilarity between Y and UA was 47.0%, and three species made a cumulative contribution to the dissimilarity of 56.1% (P. australis, 21.7%; Z. sinica, 18.8%; A. fukudo, 15.5%).
Three environmental factors (interstitial water salinity, water content of substrate, and median particle diameter) were selected based on the DISTLM to produce the best fit for a model of the relationship between halophytic plant composition and environmental factors, which explained 22.3% of the variability in the data. In particular, the contribution of interstitial water salinity was high (14.5%; pseudo-F=8.48, p<0.001).
Gastropods
In the MDS analysis, most sites fell into one of the four groups (groups I-IV), which were classified by 60% similarity (Fig. 5a) . Group I and IV were composed mainly of sites in MDR, OHN, and KZH; group II was composed of sites in various rivers and group III was composed mainly of sites in AMK. Community composition differed significantly between A and UA (p<0.001, ANOSIM) and between Y and UA (p<0.001), but not between A and Y (p=0.09). The average dissimilarity between A and Y was 37.2% (SIMPER), and five species (groups) made a cumulative contribution to the dissimilarity of 57.2% (C. moerchii, 13.8%; C. tonkiniana, 11.2%; E. chinense, 10.8%; Platevindex sp. 1, 10.7%; P. miyazakii, 10.7%). The average dissimilarity between A and UA was 57.1%, and seven species (groups) made a cumulative contribution to the dissimilarity of 55.0% (C. moerchii, 10.3%; L. articulata, 9.0%; Batillaria spp., 8.2%; C. largillierti, 7.5%; N. pileolus, 7.1%; P. miyazakii, 6.8%; C. tonkiniana, 6.2%) . The average dissimilarity between Y and UA was 52.6%, and seven species (groups) made a cumulative contribution to the dissimilarity of 56.1% (L. articulata, 11.1%; Batillaria spp., 9.2%; C. largillierti, 7.8%; N. pileolus, 7.7%; P. miyazakii, 6.9%; E. chinense, 6.7%; C. tonkiniana, 6.7%) .
Five species of halophytic plant (S. maritima, C. scabrifolia, Z. sinica, A. fukudo, and P. australis) were selected based on the DISTLM to produce the best fitting model of the relationship between gastropod composition and halophytic plants, which explained 34.7% of the variability in the data. In particular, the contribution of S. maritima was high (13.2%; pseudo-F=7.48, p<0.001). Three environmental factors (distance from the open shoreline, siltclay content, and water content of substrate) were selected based on the DISTLM to produce the best fitting model of the relationship between gastropod composition and environmental factors, which explained 35.6% of the variability in the data. The contribution of distance from the open shoreline was particularly high (27.7%; pseudo-F=18.78, p<0.001) .
Brachyurans
In the MDS analysis, most sites in A and Y fell into group I and most sites in UA fell into groups II and III, which were classified by 60% similarity (Fig. 5b) . The community compositions differed significantly between A and UA (p<0.001, ANOSIM) and between Y and UA (p<0.001), but not between A and Y (p=0.07). The average dissimilarity between A and Y was 41.4% (SIMPER), and seven species made a cumulative contribution to the dissimilarity of 55.9% (I. pusilla, 9.7%; T. arcuata, 8.3%; C. haematocheir, 7.9%; S. intermedius, 7.7%; C. dehaani, 7.6%; D. cristatus, 7.4%; C. convexus, 7.4%) . The average dissimilarity between A and UA was 57.4%, and seven species (groups) made a cumulative contribution to the dissimilarity of 50.4% (I. pusilla, 9.0%; C. dilatatum, 8.3%; P. pictum, 7.2%; P. tripectinis, 6.7%; D. cristatus, 6.7%; A. lactea, 6.2%; C. dehaani, 6.2%) . The average dissimilarity between Y and UA was 56.2%, and eight species made a cumulative contribution to the dissimilarity of 55.0% (P. pictum, 8.9%; C. dilatatum, 7.6%; T. arcuata, 7.4%; P. tripectinis, 6.7%; D. cristatus, 6.6%; A. lactea, 6.4%; C. haematocheir, 6.3%; S. intermedius, 6.1%) .
Nine species of halophytic plant (Z. sinica, T. asiaticum, S. maritima, P. australis, C. scabrifolia, A. fukudo, S. alterniflora, K. obovata, P. latifolius) were selected based on the DISTLM to produce the best fitting model of the relationship between brachyuran composition and halophytic plants, which explained 51.5% of the variability in the data. The contribution of Z. sinica was particularly high (16.0%; pseudo-F=9.50, p<0.001). Four environmental factors (interstitial water salinity, water content of substrate, distance from the open shoreline and silt-clay content) were selected based on the DISTLM to produce the best fitting model of the relationship between brachyuran composition and environmental factors, which explained 42.0% of the variability in the data. The contribution of interstitial water salinity was particularly high (24.5%; pseudo-F=16.19, p<0.001).
Discussion
In the present study, 11 halophytic plant species, 19 gastropod species (groups) and 19 brachyuran species were observed in salt marshes in the Ariake and Yatsushiro sea areas. Most of the gastropod and brachyuran species (groups) are threatened (gastropods: one CR, two EN, four VU, seven NT; brachyurans: two EN, four VU, four NT; Japanese Association of Benthology 2012), and most are benthic species that depend greatly on the salt marshes. In the other coasts of Japan, moreover, some species do not exist (endemic species, e.g., P. miyazakii and Platevindex sp. 1) or are rare (e.g., C. ornate and C. dilatatum). These results show the importance of salt marshes in the Ariake and Yatsushiro sea areas in supporting benthic species diversity.
The average number of halophytic plant species was significantly greater at UA than at A and Y. Since P. australis was the most dominant species in most salt marshes in A and Y (Tables 1 and 2) , its dense and tall growth may prevent the growth of smaller salt marsh species (Minchinton et al. 2006) . In UA, salinities of the interstitial waters were significantly higher than in A and Y, flooding seawater with higher salinity may inhibit the growth of P. australis, which is sensitive to high salinity (Lissner & Schierup 1997; Vasquez et al. 2006) . Salinity was the main environmental factor describing the halophytic plant composition (DISTLM). In the MDS analysis, P. australis was not the dominant species at five sites that were not classified as group I-III (Fig. 4) . The ANOSIM revealed significant differences in the community compositions of halophytic plants between A and UA and between Y and UA. Further, P. australis made the largest contribution to the dissimilarity in both cases (SIMPER). Thus, the coverage of P. australis greatly affected halophytic plant community composition.
The average number of gastropod species (groups) was slightly, but not significantly, larger in UA than in A and Y. Moreover, the average number of brachyuran species was similar among A, Y, and UA. The number of species (groups) may have been affected by various environmental factors, such as the complexity of the environment (e.g., biodiversity of halophytic plant species), area of the salt marsh, salinity, and the degree of anthropogenic disturbance. Kimura & Kimura (1999) reported that more gastropod species were found at the well-preserved sites than at highly disturbed sites with protective barriers in Mikawa and Ise bays, Japan. In the present study, the degree of the anthropogenic disturbance at each site was not assessed; further studies are required to assess benthic species diversity from this perspective.
Regarding gastropod composition, the MDS analysis showed that no site in the Amakusa area (AMK 1-5) fell into the main two groups (groups I and II), and that most sites in the Uto area were plotted differently from the sites in A and Y in group I. The ANOSIM revealed significant differences in gastropod community composition between A and UA and between Y and UA. Some gastropod species (groups; e.g., Batillaria spp. and L. articulata) mainly inhabited coastal sites, and others (C. largillierti and P. miyazakii) mainly inhabited riverine sites. Distance from the open shoreline, mostly explained the relationship between gastropod composition and environmental factors (DISTLM). The marked difference between coastal and riverine areas in gastropod composition may have been due to the difference in the halophytic plant composition, as small, low salt marsh species (e.g., S. maritima, C. scabrifolia, Z. sinica and A. fukudo) contributed largely to explaining the relationship between the gastropod composition and the halophytic plants. Regarding brachyuran composition, the MDS analysis showed that most sites in A and Y were placed into group I, and most sites in UA were placed into groups II and III, and the ANOSIM detected significant differences in brachyuran community compositions between A and UA and between Y and UA. These differences may be because many brachyurans (e.g., H. japonica, T. arcuata, and D. cristatus) mainly inhabit riverine sites. Unlike gastropod composition, interstitial water salinity mostly explained the relationship between brachyuran composition and environmental factors (DISTLM), perhaps because most brachyurans are burrowing crabs and may be affected directly by interstitial water salinity, whereas most gastropods are epifaunal and may be affected by the salinity of surface water in salt marshes. Levin & Talley (2002) hypothesized that abiotic properties such as elevation and salinity act over large spatial scales, and influence the presence or absence of species, vegetation on a moderate scale. In this moderate-largescale study, salinity (or distance from the open shoreline) indirectly affected the salt marsh invertebrate communities and the vegetation showed a direct effect on them.
In the present study, two alien plants, K. obovata (KMG 1 and KZH 1-3) and S. alterniflora (TBI 1-3 and SRK 1), were recorded. At KZH 3, the coverage of K. obovata was high (30%), but the gastropod and brachyuran compositions did not differ substantially from those at the other sites in A and Y (Fig. 5) . Similarly, at TBI 1, while the coverage of S. alterniflora was very high (75%), the gastropod and brachyuran compositions did not differ substantially from those at the other sites in A and Y. These findings could reflect the greater influence of P. australis (40% coverage) relative to K. obovata at KZH 3, and the similar influences of S. alterniflora and P. australis at TBI 1.
The Ariake and Yatsushiro sea areas contain numerous salt marshes with high levels of biodiversity. However, in the past several decades, many of these marshes have disappeared due to reclamation and dike construction. After the completion of the field observations in this study, four study sites have been destroyed completely (KKC 1) or partially (SRK 2, MDR 2, and MDK 5). Salt marshes are at risk of destruction worldwide, particularly in urban areas (Cullinan et al. 2004) . In Tokyo Bay, Japan, for example, Yuhara et al. (2016) estimated, from historical maps and Google Maps, that about 90% of the area of salt marshes has disappeared since the middle Meiji period (the end of the 19th century).
The disappearance of local salt marshes may drive extinction of benthic organisms inhabiting these ecosystems, while also causing the breakdown of metapopulation structures (Hanski et al. 1995; Hanski 1998) . For example, the probability of local extinction may increase with the decrease in patch area and connectivity (Fleishman et al. 2002) . Most macrobenthic animal species inhabiting salt marshes have dispersal phases as planktonic larvae after hatching, they tend to be transported passively to new benthic habitats far from their natal habitats (Furota et al. 2002) . Larval dispersal may enhance the connectivity of populations and buffer the population fluctuations, reducing the risk of local extinction (Sahara et al. 2016) . Similarly, some halophytic plant species (e.g., S. maritima) produce floating seeds that spread via water (Chang et al. 2008) . In Tokyo Bay, Yuhara et al. (2016) emphasize that many endangered species sustain local populations in small salt marshes, and therefore it is very important to conserve each small habitat and create new local habitats to maintain steady metapopulation. Consequently, in order to conserve salt marsh plants and benthic animals, it is indispensable not only to protect large salt marsh areas but also to maintain many local salt marshes, even in small area.
